We update the numerical results for the s-wave ππ scattering phase-shift difference δ 0 0 − δ 2 0 at s = m 2 K from a previous study of isospin breaking in K → 2π amplitudes in chiral perturbation theory. We include recent data for the K S → ππ and K + → π + π 0 decay widths and include experimental correlations.
The authors of Refs. 1 and 2 have shown the importance of taking into account radiative corrections in K → ππ decays both in experimental measurements and theoretical predictions. In particular, these corrections are enhanced in the extraction of the phase shifts δ 0 0 − δ 2 0 by the ∆I = 1/2 rule by a factor of ∼22. On the experimental side, KLOE has measured with high accuracy the ratio of branching ratios (BRs) for the decay K S → π + π − (γ) to the decay K S → π 0 π 0 [3] . This measurement is fully inclusive of radiation for the π + π − (γ) channel, allowing an unambiguous comparison with theoretical predictions. For the extraction of the phase shift δ 0 0 − δ 2 0 from K → ππ we follow Ref.
2. In the presence of electromagnetic interactions, the usual isospin decomposition of amplitudes becomes:
where A +−,+0 are the infrared-finite amplitudes for the decays K 0 → π + π − (γ) and K + → π + π 0 (γ), respectively, and A 00 is the amplitude for the decay K 0 → π 0 π 0 . These amplitudes are related to the decay rate by:
where n = {+−, 00, +0}. The factor G n is associated with the effect of real and virtual photons [1] . The following notation is introduced in Ref. 2:
where in the absence of electromagnetic interactions the A I are the standard isospin amplitudes and the phases χ I are identified with the s-wave ππ-scattering phase shifts 
and:
where g 8, 27 are the coefficients of the leading (O(p 2 )) octet and 27-plet weak non-leptonic chiral operators (as defined in Eqs. The coefficients a, b, and c depend on the chiral renormalization scale ν χ (from the matching uncertainty in the low-energy constants) and the tree-level π 0 − η mixing angle ε (2) given by:
We have obtained the values of these coefficients from the authors of Ref. 2.
Eqs. (1), (2), and (3) can be combined to obtain
where r = |A +− /A 00 | 2 . Using the expansion of Eq. (5), this system of equations can be written in terms of the three unknowns, χ 0 − χ 2 , g 8 , and g 27 . We solve this system using a numerical minimization procedure.
The experimental inputs used to obtain the amplitudes by Eq. (2) are listed in Table 1 .
As noted above, the BRs for K S → π + π − (γ) and K S → π 0 π 0 are obtained from the KLOE measurement of their ratio, which accounts for the large value of the correlation coefficient. The BR for K + → π + π 0 is weakly correlated with the value of the K + lifetime by the fit performed in Ref. 4 . These correlations are taken into account in the minimization procedure. While the KLOE measurement of the ratio of K S → ππ BRs is fully inclusive of radiation in the π + π − (γ) channel, the inclusiveness of the value for BR(K + → π + π 0 ) from the fit in Ref. 4 is less well defined. However, this is of lesser concern because of the dominance of the I = 1/2 amplitudes. With ν χ = 0.77 GeV and ε (2) = 1.06 × 10 −2 we obtain:
.6435 ± 0.0010 g 27 = 0.2987 ± 0.0006 χ 0 − χ 2 = (51.26 ± 0.82) 
We compute the systematic error by varying the chiral renormalization scale parameter ν χ from 0.5 GeV to 1 GeV, and the tree-level π 0 − η mixing angle ε (2) from 0. 3), the extraction of g 8 and g 27 is rather sensitive to the input on the chiral couplings. For instance, even a simple variant of the large-N C procedure leads to changes in g 8 and g 27 at the 10% level [2] . This implies that the values for g 8, 27 quoted in Eq. (11) • , which differs from our result by 2.6σ . Kamiński, Peláez, and Ynduráin [9] fit experimental ππ scattering amplitudes at both low and high energies with parameterizations that satisfy analyticity at low energy, constrained to satisfy the forward dispersion relations and the Roy equations.
They obtain δ 0 0 − δ 2 0 = (50.9 ± 1.2) • , which differs from our result by 1.8σ . It is important to note that their input data includes low-energy s-wave phase shift determinations from K e4 and K → 2π decays, including a preliminary result for δ 0 0 − δ 2 0 from this update, differing very little from the value presented here. The significant discrepancies between our result, based on K S and K + BR measurements, and the results of phenomenological analyses of ππ scattering (with or without constraints from chiral symmetry) are puzzling and deserve further investigation.
